We present results on the behavior in a magnetic field parallel to the sense wires and the spatial resolution of a drift chamber with relatively short drift length (7.52 mm) but without electric field shaping. This chamber operates quite well for a field as high as 15 kilogauss, and the spatial resolution is better than ±100 ~ over the major part of the chamber for normally incident tracks. At 4 kg we give results on the spatial resolution as a function of the incident angle.
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For a _p.ersonal retention co :7' Tech. Info. Diuision, Ext. 5545 Introduction Multiwire drift chambers l -6 have aroused remarkable interest recently, especially as very accurate particle position detectors.
After the pioneering work of Charpak et a1., l Walenta and co-workers 3 built very simple drift chambers: to the sense wires and cathodes of an ordinary l1lllltiwire proportional chamber they added field wires between the sense wires in order to suppress regions of zero ~lectric field (see fig. 1 ). These types of chambers with a drift length of 0.5 em have been used in actual experiments in magnetic fields of up to 7 kG.
However, no detailed study of the ultimate spatial resolution of such chambers has, as yet, been made.
Charpak, Sau1i and co-workers 2 recently made a very careful study of the spatial resolution of another type of drift chamber in which the electric field is shaped in such a way that the electrons drift in a quasi homogeneous field. With a drift length of 2.5 em they obtained resolutions better than 150 ~m. Behavior in a magnetic field was also studied systematically and the possibility of operation at 15 kG was demonstrated at the price, however, of tilting the electric field in the gap.
Field shaping may be impractical mechanically for large chambers 4 or for cylindrical geometry applications in which ~he present authors are interested. For a cylindrical chamber qne would like to simplify the already complex construction as l1lllch as possible. Moreover, field shaping strips on the cathodes have to be parallel to the wires and are incompatible with a s:iJnple readout of the longitudinal coordinate. One is obliged to use individual delay line readout 7 --a rather complex \, -3-scheme --instead of simply using the signal induced on cathode strips which make an angle with the wires. Note that in the latter method, timing of the cathode signals provides (like the first method) a pairing of the azimuthal and longitudinal coordinates.
The question arises then whether the same resolution and good behavior in a magnetic field parallel to the sense wires can be obtained in the simpler chambers of the Walenta type or whether careful field shaping is in fact essential for good results.
In this article we will show that good results can be obtained with chambers without field shaping for a relatively small drift length (7.5 
rrm).
Section 2 describes our test chambers and our test setup. In Section 3 we comment on the efficiency and the known defectS of chambers of the Walenta type to operate close to the semi-Geiger mode. Section 4 is devoted to the space/time relation and stability. Section 5 discusses the resolution obtained.
2.
Test Setup Figure 1 shows the type of chamber we have tested: the distance between sense wires is 1.52 em. We used a method very similar to the one used by Charpak, Sauli and Duinker. Two chambers defined a well collimated beam. A third chamber was located between them and could be displaced with a micrometric movement. Figure 2 gives a diagram of the fast logic used. It is essentially straightforward. In order to increase the rate, the two external chambers A and C, in very tight coincidence (± 1.5 ns), were allowed to have a time jitter of ± 10 ns with respect to the scintillators which defined the beam.
This corresponds to an effective beam width of 1 mm. For a beam that passes on the same side of the sense wires in all chambers the effect of the width of the beam cancels in the resolution measurement provided that the drift velocity is the same in the three chambers. Unfortunately this was not always true and obliged us to introduce corrections which increased the uncertainty in the resolution (see Appendix I). Note also in fig. 2 that we had the possibility of "ORing" two wires of the intermediate chamber B in order to study the transition region in the vicinity In order to minimize this effect, the avalanche amplification should be such that the electronics are sensitive to one primary electron.
t The electric field has been computed with a modified version of a computer program kindly provided to us by F. Bourgeois and J. P. Dufey. 9
fThe authors of ref. 6 have proposed to get rid of this effect by using foils instead of field wires. This solution seems, however, too complicated for our cylindrical geometry. a) The drop of efficiency at high voltage cannot be caused by the deadtime of our electronics. It corresponds to the appearance of "semi-Geiger" pulses in the sense defined above and we think that these are responsible for this effect.
We seem to be more sensitive to this effect than Charpak, Sauli and co-workers 2 who are able to have pulses of .3 mV on 50 n with the same gas without any Geiger pulses. This cannot be an effect of the geometry since the breakdown point is preswnably only related to the total charge in the avalanche or equivalently the pulse height. This may be due to the nature of our sense wires or poor cleanliness of the chamber. We have studied in more detail the effect of the threshold at 4 kG since we are mainly interested in that magnetic field region for the application we have in mind. At larger fields one may be worried by-the distortion of trajectory exemplified for 15 kG in fig. l(c) . The assumption used in this figure §The indication of a slight drop close to tlle sense wire may not be significant. We have found.no explanation for it.
-8-of a drift velocity along the electric field unaffected by the magnetic field and of a magnetic drift velocity equal to the drift velocity are known to be too optimistic lO and one may be worried that the trajectories of some electrons come too close to the cathodes and that we lose some efficiency at large drift distance. Figure Sec) shows that this is not the case.
In conclusion, our measurement shows that the efficiency is not affected drastically by the magnetic field between 0 and IS kG, and that a threshold of 330 llV give~ us a re_asonable efficiency around the field wire.
Time Versus Position Curves

Dependence on AV at Zero Magnetic Field
We show in fig. 6 the dependence of the electron drift time on the position of tracks normal to the chamber for four values of the potential differences AV between the field wire and the cathode. When AV = 0 the relation is very nonlinear. Increasing AV corrects this partially but even when a AV as high as 1124 V is applied there is sti11 a slight nonlinearity. Figure 7 gives the electric field along the center line of the chamber as a function of the distance from the sense wire. Using these curves and the values of the drift velocities obtained from a polynomial IT fit to our measurements, we get the dependence of the drift velocity on
ITWe disregarded the points close to the field wire since a primary electron not produced exactly at the center of the chamber will have a much larger path length as shown in fig. lea ). This is not incompatible with our measurement.
The problem with our space time relation is not its nonlinearity, which can be corrected by software, but the fact that we are using a region of electric field where the dependence of drift velocity is quite steep; it may then be quite difficult to maintain a good stability of the drift velocity. Mechanical imperfection of the chambers, difference in temperature or in high VOltage will then spoil the good resolution of this chamber.
The obvious remedy is to increase the gap width, for instance, to 6 rnm. 
Dependence on the Angle
At 4 kG, which is the region of magnetic field that we are ~This assumption is correct for sufficiently small magnetic fields. See ref.
10.
-11-interested in, we have measured the dependence of the space time relation , on the angle of the incident track. Our angle convention is given in fig. 10(b) and the results are given in fig. 11 .
In principle the magnetic field introduces an asymmetry into the.
problem and positive and negative angles should give slightly different results. Sinrulation however, shows that the difference is very small at 4 kG and in this preliminary investigation we have not measured this effect.
Spatial Resolution
We arrive finally at the main question this paper tries to answer:
''What is the intrinsic resolution of this kind of drift chamber?"
Appendix I describes Ule formalism we have used in order to derive the chamber resolution. The results of this elaborate method differ by 20% from the simple-minded approach where one siJll>ly writes where 0t is the measured rms of the time distribution (B -A) and w is the drift velocity. In fact our results are limited in accuracy by the ** poor knowledge we have of the drift velocity which is important in order to cOJll>ute the effect of a wide beam on the resolution. **A simple time spectrunl without collimation would have solved this problem. We may however conclude that a 4 kG the resolution is not degraded and that even at 15 kG the resolution is better than 100 ~m. Figure 14 gives the chamber resolution as a function of the angle of the incident track at 4 kG. While the resolution is compatible until 5 mm with the fact that we are measuring tne distance of closest approach, we observe some degradation for large angle tracks close to the field wire.
Resolution as a Function of Angle
Conclusion
The results 6f this preliminary study are very encouraging. We obtained good efficiency even in the region of the field wire (for low enough threshold), good behavior in magnetic fields as high as 15 kG, and a spatial resolution better than 75 ~m over most of the chamber.
Clearly, before using such a device in an experiment requiring this full accuracy, some modifications are needed: We will especially try to push further the semi-Geiger region (cleaning the wires or going to gold-plated tungsten), and we will increase the gap in order to operate in a higher electric field and obtain a better stability of the drift velocity. Careful calibration obviously is also necessary. where oS is the multiple scattering contribution.
From these various equations we may deduce
and the position r.m.s. V' < 0B > is:
where 1< 0/> is the r.m.s. of the measured time spectrwn The drift velocity has been asstnned unmodified by the magnetic field and the magnetic drift velocity has been asstnned to be equal to the usual drift velocity. (c) Same plot at 15 kG. Test set-up. (a) Efficiency curves. Threshold is 660 ~V. High rate curve for ~V= 560 (1) corresponds to about 80 x 10 3 hits per second on the wire studied . and is corrected for dead time (4% ± 1.5% correction). Low rate curves are given for ~V = 560 (2) and ~V = 1124 (3) and correspond to a few hundred counts per second.
(b) Logarithm of the ungated ntnnber of hits on the wire studied in both conditions. . .
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